Within odonates, male mating patterns range from active mate search to long-term territorial defence of oviposition sites. In territorial species, males may use three mating tactics or strategies that may be determined environmentally or genetically: territoriality, non-territoriality, or reversible switches between the two. The tactic exhibited by a male in any given case is determined by the cost/bene t ratio of territorial and non-territorial behaviours. The main bene t of territoriality is increased access to females; costs may accumulate due, for example, to predation, injuries, and/or energy loss due to territorial contests. The density of both males and females, as well as the sex ratio at breeding sites, contribute to the costs and bene ts of each tactic. Interspeci c aggression by heterospeci c males may also in uence the pro tability of these tactics.
typically modelled the evolution of ghting strategies, such as motivation, whereas most empirical studies have recorded various phenotypic correlates of contest outcome (Table 16 .1) Briffa and Sneddon 2007) .
According to Corbet (1999) , Kaufmann's (1983) de nition of territoriality is applicable to most examples of agonistic resource defence common in both the Zygoptera and Anisoptera. The presence and strength of territoriality vary at the level of both the species and the individual (Corbet 1999) ; for example, site delity (length of time that males occupy the same site) may vary between species from less than a minute to more than a month. Within species, males may also exhibit both interand intra-individual variation in mating tactics (for more details see Section 16.2). The degree and type of competition for matings pro table for odonate males is determined by the distribution and abundance of conspeci c males and females (Fincke et al. 1997; Corbet 1999) . However, more detailed interspeci c comparative analyses would give
Introduction
Territory can be de ned as a xed part of a species' range where an individual has priority of access over conspeci cs to one or more resources in short supply, achieved through social interactions that vary in intensity (Kaufmann 1983) . Territorial behaviour over mating sites is very common in animal mating systems. The fact that it has evolved numerous times independently (Andersson 1994) suggests general bene ts from this behaviour, which may compensate the costs of ghting for mating opportunities. Given this, it is predictable that natural selection will favour male territoriality and traits that facilitate successful territory defence. In general, male mating success increases with territory size and quality as well as with the quality of the male himself (Andersson 1994) . Male-male contests have received much empirical and theoretical attention (see recent reviews by Kemp and Wiklund 2001; Briffa and Sneddon 2007) . Theoretical studies have H. americana No difference in body size between territorial and non-territorial males, but in one study territorial males were larger than non-territorial ones Grether 1996; Serrano-Meneses et al. 2007; Raihani et al. 2008 Hetaerina miniata No difference in body size between territorial and non-territorial males Lefevre and Muehter 2004 L. quadrimaculata Non-territorial males had longer wings than territorial ones Convey 1989 Megaloprepus coerulatus Territorial males larger than non-territorial ones
Fincke 1984
Mnais costalis Mature territorial orange-winged males had higher dry body mass than mature non-territorial clear-winged males Plaistow and Tsubaki 2000 N. pygmaea No difference in body size between territorial and non-territorial males Tsubaki and Ono 1987 Orthetrum chrysostigma Territorial males larger than non-territorial ones Miller 1983 P. (Gross 1996) . In territorial odonate species, adult males may use three different mating strategies or tactics, which may be determined genetically (Tsubaki 2003 ) (Box 16.1) or conditionally: territoriality, non-territoriality, or switching between the two (Corbet 1999; Switzer 2004; Raihani et al. 2008) (Box 16.2) . Males that exhibit the territorial tactic defend sites that females may or may not use for oviposition (Fincke 1997; Corbet 1999; Raihani et al. 2008) . However, only some males are able to secure a territory; males unable to do so-that is, non-territorial individuals-use alternative mating tactics, such as sneaking and wandering (Gross 1996) . The reproductive behaviour of individual males-the mating tactic exhibited-varies during the ying season (e.g. Corbet 1999; Raihani et al. 2008) . Much of the variation among males in territorial behaviour seems to be caused by energetic constraints (in the form of muscular fat reserves) contributing to their ghting ability or so-called resource-holding potential (RHP; for more details see Section 16.4) (e.g. Marden 1989 ). Recent studies have found that several male traits, such as muscular fat reserves, immunocompetence, intestinal parasite load, and wing pigmentation, were correlated with contest outcome (Table 16 .1). These ndings suggest that only males in good condition are able to occupy and defend territories. Generalizations are dif cult, however, since so far only a few damsel y and only one dragon y species have been studied closely. Furthermore, the ability to occupy further insight into the underlying factors contributing to this variation.
Following emergence the sexually immature individual has very scanty lipidic reserves, which are important for male territorial contest and female egg production (e.g. Marden and Waage 1990) . During the teneral stage, the immature odonate builds up a large gain in body mass and energy reserves (Kirkton and Schultz 2001) . Once sexual maturity is reached, males spend most of their time at reproductive sites awaiting females. Females, in contrast, visit these sites only brie y, primarily to mate and oviposit. Thus the sex ratio at breeding sites is typically highly male-biased. In territorial species females prefer to mate with territorial males; in concert with the male-biased sex ratio this often results in a highly skewed mating pattern, with only a few males achieving most of the matings (Plaistow and Siva-Jothy 1996; see Chapter 12 in this volume) .
In this chapter we discuss various mating strategies and tactics and address the cost/bene t-ratio of odonate male territorial behaviour. In addition, we consider the effects of intra-and interspeci c interactions on territorial behaviour. We also suggest some ideas for further research.
Mating strategies and tactics in territorial odonates
Alternative mating strategies and tactics evolve because ecological and social environments often Genetically based mating strategies (Gross 1996) have been well studied in the genus Mnais (see review in Córdoba-Aguilar and , with two morphological and behavioural genetically based morphs (Tsubaki 2003) . Studies have shown that the smaller, hyaline winged, non-territorial morph lives longer than the larger territorial morph with pigmented wings (Tsubaki et al. 1997; Tsubaki and Hooper 2004) . This difference in longevity between morphs is possibly a consequence of gregarine parasite pressure (Tsubaki and Hooper 2004) , the cost of producing wing pigmentation (Hooper et al. 1999) , and amount of energy reserves (fat) consumed during contests (Nomakuchi et al. 1984; Watanabe and Taguchi 1990; Tsubaki et al. 1997) . Estimates of lifetime reproductive success indicate that both morphs achieve similar fertilization success; this explains the effectiveness and maintenance of both the territorial and the non-territorial morph (Tsubaki et al. 1997 (Tsubaki 2003) . Mnais is the only proven case of genetically determined mating strategy in odonates. Interestingly, some species of the New World genus Paraphlebia, such as Paraphlebia quinta and Paraphlebia zoe, have both territorial black-winged and non-territorial hyaline-winged males (González-Soriano and Córdoba-Aguilar 2003). Furthermore, within several species of an Old World group, malachites (Synlestidae: Chlorolestes), there are both clearwinged and coloured, banded-winged males. The proportion of banded males in the population varies seasonally and between species (Taborton and Taborton 2005) . Banded winged males have been observed to be sexually more attractive to females; they defend their territory aggressively and chase away clear-winged males (Samways 2006) . In addition, some Clorolestes species have only clear-winged males. It is not yet clear whether polymorphism in Paraphlebia and malachites is a genetically determined trait, similarly to Mnais. More detailed studies are also needed to verify that territorial behaviour is strictly morph-speci c, although unpublished information on Paraphlebia indicates that when the territorial male is not present, the non-territorial is able to defend a territory (E. González-Soriano and A. Córdoba-Aguilar, personal observations). It may be worth determining the ecological factors related to variation in the proportion of banded males within and between populations, and to the lack of banded males in some Clorolestes species. and defend a territory changes with age. Young but sexually mature males are still accumulating fat; middle-aged males usually have the highest fat content, while old males often have depleted fat reserves and therefore reduced competitive ability. Moreover, older males tend to lose territorial ghts when faced by younger males, although this is not always the case (Table 16 .1). Males that have exhausted their energy reserves lose territorial ghts and are prone to adopt a non-territorial tactic (Plaistow and Siva-Jothy 1996) . Interestingly, the fat load of switchers has been found to be higher than that of non-territorial males but lower than that of territorial males (Raihani et al. 2008 ). Switchers may not be capable of uninterrupted territorial defence, and therefore adopt a partially territorial tactic split up into sequential periods. They may on the other hand be better at regaining energy reserves compared with territorial males, who cannot return to territoriality once they are displaced. The discovery of the switching tactic has provided an interesting opportunity to study for instance the effect of phenotypic variation in physiological traits on the cost/bene t ratio of territorial behaviour (Raihani et al. 2008) .
Male mating strategy may also have a genetic basis (see review in Córdoba-Aguilar and CorderoRivera 2005) . In the Mnais genus, males have two different morphological and behavioural genetically based forms (Tsubaki 2003 ) (Box 16.1). The smaller, non-territorial morph has hyaline wings, while the larger, territorial one bears pigmented wings (Watanabe and Taguchi 1990) . The genetic In territorial odonate species, non-territorial males use three alternative mating tactics, based on conditions (environmental and/or physiological): sneaker, wanderer, and switcher. Sneaker males wait near a breeding territory and try to intercept arriving females; wandering males search actively for females around possible breeding places (behaviour similar to scrambling); switcher males exhibit reversible switches between territorial and non-territorial behaviours several times over their lifespan (Raihani et al. 2008) . Both sneaker and wanderer males use a tactic whereby they make the best of a bad situation, and typically have low mating success. Several studies, however, have found that males applying a mixed strategy (i.e. territoriality, followed after displacement from the territory by sneaking or wandering) had higher life-time mating success than males using a purely territorial strategy (Forsyth and Montgomerie 1987; Wolf and Waltz 1993) . One direct bene t seems to be that the high quality of a territory may be associated with high egghatching success and offspring survival. Another direct bene t for females is that mating with a territory owner reduces harassment during copulation or oviposition. Likewise, the risk of predation for the female herself and/or her offspring may be lower in a high-quality territory (Table 16 .2). On the other hand, one cost may be that mating with highly successful males may reduce the rate of egg fertilization (Jacobs 1955) , possibly because mating males allocate fewer sperm to each particular copulation when mating repeatedly over a relatively short time. Mating with a successful male may also increase the risk of sexually transmitted diseases, which are common in insects (see Knell and Webberley 2004) .
Box 16.2 Condition-based non-territorial mating tactics in territorial odonates
In species with intense agonistic competition for mates, females may use correlates of RHP as measures of male quality; thus traits associated with
Benefi ts and costs of territoriality

Benefits
Both males and females derive bene ts from territoriality. For males, the main bene t of defending a territory is increased access to females. Mating success in territorial individuals has been found to be considerably higher than in non-territorial ones except for the genetically polymorphic Mnais species (Table 16 .2). However, there is huge interspeci c variation in relative mating success between territorial and non-territorial males. In Calopteryx splendens xanthostoma, for instance, the mating success of territorial males was about a thousand times that of non-territorial males (Plaistow and Siva-Jothy 1996) , whereas in Hetaerina americana mating success did not differ between mating tactics (Raihani et al. 2008) .
For females, male territorial behaviour may provide both direct and indirect bene ts (Table 16 .2). circumstantial costs, such as opportunity cost and predation cost.
Energetic and other physiological costs
Agonistic behaviours, such as competition over mating opportunities, are expected to be demanding to perform; this leads to physiological costs, such as depletion of energy reserves or changes in endocrine status (Briffa and Sneddon 2007) . Odonate contests are thought to constitute an excellent system for testing whether wars of attrition are energetically costly. This prediction is supported by experimental studies with territorial odonates that compete via prolonged aerial contests; the winners are mostly middle-aged males in possession of greater fat reserves (Table 16 .1). Despite the apparent cost of territorial behaviour, no study has tested energy consumption by non-territorial animals in searching for mates.
Another possible physiological cost of malemale contest and reproduction may be reduced immune function against parasites and pathogens (Contreras- Garduño et al. 2006) . This is supported by three lines of evidence: (1) contest winners have stronger immune defence and more fat reserves than losers, (2) fat reserves are positively correlated with the strength of immune defence (e.g. Koskimäki et al. 2004) , and (3) losing males have reduced immune ability compared with other non-territorial males (Contreras-Garduño et al. 2006; Table 16 .1). The energy metabolism of both territorial and non-territorial males may also be affected negatively by parasites. Gregarines are intestinal parasites that, once ingested, aggregate and attach to the posterior gut region of the adult; they then develop and reproduce, presumably by using the host's ingested food (Corbet 1999; Siva-Jothy and Plaistow 1999 ; see Chapter 14 for biological data of gregarines infecting odonates). Gregarine infection apparently has massive metabolic consequences, including the inability of the ight muscles to oxidize fatty acids, resulting in reduced muscle performance and lipid accumulation in the thorax (Schilder and Marden 2006) . A study conducted with a territorial dragony species, Libellula pulchella, found that in a population with high gregarine incidence and intensity most parasitized males remained non-territorial, whereas males with no parasites were territorial RHP may increase male attractiveness for potential mates (Briffa and Sneddon 2007) . One indirect bene t for females may be that the male's ability to occupy and defend a territory may be an indicator of 'good genes' (the hypothesis that females derive indirect bene ts from mating with males with conspicuous, costly traits; Andersson 1994). These traits re ect broad genetic quality, which increases the viability of offspring (Andersson 1994) . There is some indirect evidence to support this hypothesis: territorial males have been found to have fewer parasites and stronger immune defence than non-territorial males (Table 16 .1). So far, however, there is no direct evidence from odonate studies for the good genes or so-called sexy sons that females might receive by preferring territorial males. Indirect bene ts might be studied in territorial H. americana, which has no obvious direct bene ts arising from the properties of the territory. In this species, the males do not defend oviposition sites. Instead, the couple leaves the territory for a communal site, where a number of females gather to lay their eggs (Raihani et al. 2008) . Such studies should of course control for the possibility that territorial males may provide superior protection from male harassment during oviposition.
Costs
Since odonates lack all obvious traits traditionally associated with animal aggression, such as horns and spines, their ghts can be better described as wars of attrition, in which the male that endures longer is usually the winner. Sometimes these ghts can last for several hours (e.g. Waage 1988; Marden and Waage 1990; Marden and Rollins 1994; Koskimäki et al. 2004) . The evolution of contest behaviour in Odonata is therefore interesting; persistence must carry some cost, since otherwise contests would never be settled. Odonate wars of attrition are therefore expected to be costly on logical grounds, and indeed this assumption underlies all present attempts to understand their occurrence. Here we review the possible costs (see also Kemp and Wiklund 2001; Briffa and Sneddon 2007 ) that can be incurred by an individual male in defending a site: intrinsic costs, such as energetic and other physiological costs and injury cost, and
Predation cost
Predation by birds (reviewed by Corbet 1999; Svensson and Friberg 2007) , spiders (Rehfeldt 1992) , and other dragon ies causes substantial mortality in odonate adults. Since territorial odonates engage in conspicuous circling contests, predation by visual predators may be more likely. On the other hand, predators do not have to be active (attracted to the contesting odonates), but may be passive, for example when the ghting activity renders males more easily predatable. Related to this, Rehfeldt (1992) found that territorial Calopteryx haemorrhoidalis males were more likely to be caught in webs of orb-weaving spiders than non-territorial males; this occurred chie y at noon, when territorial disputes were most frequent. It might be worthwhile experimentally exploring differences between territorial and non-territorial males in predation rates, using both visual predators and orb-weaving spiders. Moreover, temporal and spatial variation in predation pressure may not only be local (see Svensson and Friberg 2007) but also geographical, resulting in possible variation in selection pressure on mating tactics.
Intra-and interspecifi c factors of interest
Asymmetry in resource-holding potential
The idea that male-male contests may be energetically costly came originally from studies on butter ies, such as the classic empirical test by Davies (1978) of the uncorrelated asymmetry hypothesis. Inter-individual differences in various traits are likely to in uence the ability of each individual to withstand physiological costs. Contests can be asymmetrical with respect to costs and bene ts for contestant males that differ in both energy reserves and RHP. If high enough, these costs may constrain the intensity of agonistic behaviour and affect strategic decisions during ghts. Thus asymmetries in ghting ability (i.e. RHP) will greatly in uence the form and outcome of a contest (Briffa and Sneddon 2007) .
Theoretical and empirical analyses have demonstrated that owners win most territorial contests (Marden and Cobb 2004) . Territory holders showed a positive relationship between muscle power and fat content, whereas no such relationship was found in parasitized males. This suggests that territorial males were able to adjust the energy consumption of their ight muscles with their rate of energy mobilization (Marden and Cobb 2004) . Gregarine infection, and the resulting compromised ability to optimally activate energy reserves, may be especially detrimental to territorial males utilizing their fat reserves during patrol and contest ights. Non-territorial males may be better able to compensate for metabolic disorders by spending less time in search of mates or in challenging territorial owners. This issue could be addressed by exposing both territorial and non-territorial males to similar numbers of parasites and then examining the gain in energy reserves after controlling for feeding rates.
Injury cost
In Odonata, physical contact occurs occasionally in both intra-and interspeci c ghts (e.g. Corbet 1999 ). This contact often seems closer to an accidental collision than to a clear physical attack. In any case, such escalated contests may lead to permanent injury, such as wing and leg damage or even death (reviewed by Corbet 1999) . Despite this, it is not unusual to see males successfully defending territories with a broken or even missing wing (M.J. Rantala, personal observation). Although injuries may in ict a cost on ghting males, their importance remains unknown. This could be addressed experimentally by arti cially damaging or even removing the wings and then studying the costs in terms of territorial defence.
Opportunity cost
Perhaps the simplest and most obvious cost of engaging in a war of attrition is the loss of time and energy that could be otherwise devoted to mate location (Waage 1988; Kemp and Wiklund 2001; Tynkkynen et al. 2006) or feeding. Another potential opportunity cost is loss of a mate; a nonterritorial male may capture a female that has arrived in a territory while the territory owner is currently engaged in a contest. This opportunity cost could affect both combatants equally.
in Plathemis lydia male mating success has been found to be at its highest at intermediate territory sizes. However, optimal territory size decreases with increasing conspeci c density (Koenig 1990) . Given that at high male densities both localization and site attachment become stronger, greater time wastage and energy expenditure evidently occur because a signi cant proportion of time is spent in ight (Corbet 1999) . Under high-density conditions territorial behaviour may be not pro table at all, leading to a reduction in mating success (e.g. Koenig 1990 ). In some species territorial males have been found to share the same territory with as many as eight males (e.g. Koenig 1990; Corbet 1999) . Such an extreme situation may lead to a breakdown in territoriality (Corbet 1999) . For example, the usual logic-that a non-territorial mating tactic produces extremely low mating success compared with a territorial one (Table 16 .2)-may be less extreme under high-density conditions (Kokko and Rankin 2006) , a situation that awaits further testing. Thus it is possible that males that are not able to occupy or defend territories may bene t from increased male density. On the other hand, at high population densities males may need to invest less in courtship and mating, as females, to avoid sexual harassment due to the high number of approaching males, become less selective. Under high population densities, territorial defence becomes so energetically unpro table that males may gain more by changing their mating tactics from territoriality to non-territoriality (Cordero 1999; Kokko and Rankin 2006) . Furthermore, under these conditions mated males would be expected to guard their mates more intensively, whereas solitary males would try to achieve tandem forcibly (Cordero 1999) .
In contrast to males, the effects of population density on female behaviour and reproductive success are poorly known. It has been suggested that odonate females appear not to mate indiscriminately (e.g. Fincke 1997; Siva-Jothy 1999; Córdoba-Aguilar 2000) except when male densities are extremely high (e.g. Cordero 1999) , where it has been admitted that females mate according to a tactic of convenience polyandry to reduce energetic costs due to male harassment (Thornhill and Alcock 1983; Cordero-Rivera and Andrés 2002) . At high densities, multiple matings and resistance to when challenged by rivals (reviewed in . In odonates, a territorial male often displays considerable day-to-day site delity to his territory (e.g. Switzer 1997; Corbet 1999) , and the territory owner wins the majority of ghts with challenging males (e.g. Waage 1988; Switzer 2004) . A prior residency advantage was documented in non-escalated contests (e.g. Waage 1988; Switzer 2004) ; escalated ghts were most common when both opponents became residents in the same territory, with highly valued contested resources (Waage 1988) . The most common explanations invoked for the resident's advantage are that either individuals are following an arbitrary convention, such as 'the resident always wins', or that asymmetries favouring the resident already exist in terms of either RHP or resource value (Switzer 2004; . Evidence supporting a strong prior-residence effect is most often found in the case of three scenarios (see review in : (1) when individuals are more or less matched in size, (2) when individuals with high RHP tend to accumulate as residents, and (3) when residence allows a higher RHP (e.g. a sunspot where an insect resident is warmed, facilitating ight; Stutt and Willmer 1998) . Recent studies in Odonata have indicated asymmetries in the physical and physiological characteristics of contestants which may correlate with RHP; these include age, ornament size, fat reserves, and immunocompetence, but seldom body size, ight muscle mass, or muscle power output (Table 16.1) . Physiological studies, for example on the processing rate of metabolic waste products and energy reserves, would increase our knowledge of factors contributing to contest outcome.
Density at breeding sites
One fundamental question in ecology is how individual tness is affected by increasing population density (Kokko and Rankin 2006) . Population density has been suggested to in uence mating success via male-male competition and female choice (Kokko and Rankin 2006) . The effect of male density on territorial behaviour has been well documented in many odonates (see review in Corbet 1999) , indicating that territorial males may adjust their behaviour in relation to male density. For example, times only females have been found (Donnelly 1990; Van Gossum et al. 2007) . It has been suggested (Donnelly 1990 ) that territorial behaviour in females may have arisen as a consequence of this rarity of the opposite sex. However, a recent study could not corroborate female territoriality in these species (Van Gossum et al. 2007) .
Interestingly, in a female-biased species Neobasis heteroneura males still actively defended territories at the water (Van Gossum et al. 2007) . In this species, however, the sex ratio varies highly between populations, and in Neobasis it also varies between species from male-biased to female-biased. It might therefore be interesting to investigate whether males of N. heteroneura, and of other species of the same genus, exhibit different mating tactics, and, if so, to determine whether the ratio between nonterritorial and territorial male mating tactics varies in relation to the sex ratio. Current research on the Neobasis genus (H. Van Gossum, personal communication) aims to discovering whether infection with male-killing parasites, such as Wolbachia, could be related to the observed variation in the sex ratio.
Interspecifi c aggression
Interspeci c aggression is a common behaviour in territorial odonates (reviewed by Corbet 1999) . Although Tynkkynen et al. discuss this issue in relation to the evolution of character displacement and species isolation in Chapter 11, here we focus on the effects of interspeci c aggression on territorial behaviour.
It has been shown that this kind of interaction leads to spatial partitioning (Rehfeldt and Hadrys 1988) or even to the exclusion of one species from certain water areas (Moore 1964) . The fact that experimentally induced vacant territories were quickly occupied by heterospeci c males (Moore 1964; Tynkkynen et al. 2006) suggests that the presence or absence of a particular species in breeding places may depend on interspeci c aggression (Moore 1964) . In general, larger species have better territory-holding ability than smaller species (Moore 1964; Tynkkynen et al. 2004) . Aggression between species, however, seems to be weaker than aggression within species (Singer 1989; De Marchi 1990;  mating attempts may induce costs due to the waste of time that could otherwise be used for foraging and consequently egg development. Even laying eggs may be dif cult, as males frequently interrupt ovipositing females (Cordero-Rivera and Andrés 2002) . Thus variation in male density may modify female reproductive success and therefore also female behaviour. For example, to avoid excessive matings or harassment females may avoid breeding sites with a high male density, which might further affect the sex ratio at such sites.
Finally, most studies of density effects have been carried out only on a single population and have recorded density variation during one breeding season only. In the future, empirical studies should take into account possible between-year and between-population variation in both male and female density, to see how this variation affects male mating success, the ratio of males implementing non-territorial and territorial mating tactics, and the transition frequency between these tactics.
Sex ratio at breeding sites
Changes in the sex ratio can affect the intensity of competition for mates (see review in Kvarnemo and Ahnesjö 1996) , and thus bear different costs and bene ts for territorial behaviour. Thus changes in the sex ratio at breeding sites may modify the ratio of males exhibiting different mating tactics; if, for instance, females become very abundant in relation to males, it may be more pro table for territorial males to change to non-territorial tactics.
In territorial odonate species, males typically outnumber females at the site of oviposition (e.g. Corbet 1999 ). The contrary situation-male scarcity at the site of reproduction and female territorial behaviour-is extremely rare in odonates (Corbet 1999) and in fact only a few species exhibit a female-biased sex ratio in the eld (Donnelly 1990; Cordero-Rivera et al. 2005; Van Gossum et al. 2007) . Experimental work has shown that the removal of males in a natural population of Perithemis tenera caused females to start showing territorial behaviour (Jacobs 1955) . In some species of the Nesobasis genus, found in the archipelago of Fiji, males are exceedingly rare in natural populations and some-use to identify conspeci cs; the relative rarity of intrusions by these two species probably made it more costly to discriminate and pursue only conspeci cs than to engage in some mistaken pursuits (Schultz and Switzer 2001) . More support for the mistaken species recognition hypothesis comes from a eld experiment with Calopteryx virgo and Calopteryx splendens, where the former were more aggressive towards large-spotted C. splendens males, which were phenotypically more similar to C. virgo males, than toward small-spotted individuals .
Finally, differences in competitive ability among species that share the same place are expected to produce evolutionary responses, such as niche shift or character divergence (e.g. Murray 1981 ). There is evidence that niche shift has occurred in odonates (Moore 1964; Rehfeldt and Hadrys 1988) . In addition, interspeci c aggression has apparently had evolutionary consequences for wing pigmentation (e.g. Tynkkynen et al. 2005) . Evidence for character displacement exists in Calopteryx splendens, whose male wing-spot size is negatively correlated with the relative abundance of sympatric C. virgo males across populations . In a similar manner, the wing pigmentation of Calopteryx aequabilis females decreased with an increasing relative abundance of sympatric Calopteryx maculata (Waage 1975 (Waage , 1979 . Moreover, C. maculata males are better able to discriminate between conspeci c and heterospeci c C. aequabilis females (Waage 1979) . Wing-pigmentation pattern displacement is evidently recent relative to species divergence (Mullen and Andrés 2007) .
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